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ALTERATIONS IN SERUM PROTEINS FOLLOWING DELIPIDIZATION BY 2-OCTANOLt
The demonstration of a role for serum lipoproteins in lipid transport in
health and disease has stimulated interest in the biological activity of
the lipid and protein moieties of these substances. For these investigations
the development of improved methods for separating the lipids from whole
serum or from the serum lipoproteins themselves is important but fully
acceptable methods are not yet available. Nonpolar solvent extraction of
lipids from serum may be quantitative, but usually involves gross denatura-
tion of the proteins. Treatment of serum with polymers such as dextran
sulfate or high-molecular-weight polyethylene glycols has been useful in
isolating lipoproteins from serum, but these methods do not remove the
lipids from the lipoproteins. Ultracentrifugation with density gradient tech-
niques accomplishes essentially the same result as polymer isolation. Hardy
and Gardner' in 1910 were able to remove substantial amounts of lipids
from serum by ether extraction but only after first freezing the serum and
then extracting it at low temperatures. Macheboeuf and Sandor' succeeded
in removing considerable quantities of lipid from serum without gross
protein denaturation by combining small, nonprecipitating amounts of
alcohol with ether for extraction. Macheboeuf and Tayeau8 have separated
appreciable quantities of lipids from serum by treatment with salts of certain
long-chain fatty acids. Finally Avignan,' returning to the ether method, has
succeeded in removing most of the lipids from low density (D < 1.063)
serum lipoproteins by prolonged shaking with ether (16 hours at 4°C).
Addition of alcohol to ether was required for separation of the lipids of
the high density (D > 1.063) serum lipoprotein fraction. Recently a
relatively simple and effective technique for the removal of cholesterol
from serum together with a substantial fraction of the other serum lipids
has been described.' This method involves treatment of the serum with
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FIG. 1. PC: protein stain of control serum demonstrating albumin, alpha1, alpha2,
beta, and gamma peaks. PE: protein stain of octanol-extracted serum demonstrating
-diminished alpha, peak and smudging of beta region. LC: lipid stain, control serum,
demonstrating lipids in the alpha, region, beta region, and a broad light deposit in the
gamma region. LE: lipid stain of extracted serum demonstrating loss of stain in
alpha1 and gamma regions, and diminished staining in the beta region. The protein
strips contain .25 mcl serum. The lipids are well-demonstrated only if 2.5 mcl or
more serum is applied. This is the reason for the difference in patterns.Serum proteins after 2-octanol MILLER, WATERS
2-octanol. The purpose of the present investigation was to learn something
of the nature of the delipidization promoted by 2-octanol, and to study
the effect of this procedure on certain physical characteristics of the proteins
of the delipidized serum.
MATERIALS AND METHODS
With aliquots set aside for controls and chemical analysis, 18 fresh serum samples
from clinically normal adults were treated with 2-octanol according to the method
previously described.' Twelve control and 12 extracted sera were analyzed electro-
phoretically in parallel on cellulose acetate strips using the Beckman microsome cell
according to the methods suppplied by the manufacturer.6 Proteins were stained xwith
Ponceau S, lipids with 1 per cent osmic acid, and mucoproteins with periodic acid
Schiff reagent. Total proteins were determined using the biuret reaction.7 A mixture
of equal parts of control and test sera were also run to investigate changes in mobility.
Six extracted sera and controls were studied by an immunodiffusion technique8 using
the commercially available rabbit antisera prepared against human9: beta-lipoprotein,
albumin, fibrinogen, fraction III-1, fraction II, S-7 globulins, fraction IV-5, 6, and
alpha 2 macroglobulins. The control and extracted sera were individually tested
against the various antisera first on separate plates and then simultaneously on the
same plate. In each case two different lots of antisera were used.
RESULTS
Two changes in the electrophoretic pattern of serum proteins were ob-
served following extraction with 2-octanol. First, the dye uptake in the
alpha, area was consistently diminished with the loss from the leading
portion of that peak. There was no smudging or change in character in
the alpha, region. Second, the beta globulin peak, which was sharply
outlined in the control became smudged with trailing edges after the
extraction. However, no quantitative changes were observed. Within the
limits of technique no changes in quantity or mobility of the albumin,
alpha2 or gamma fractions were noted. (See Table 1 and Fig. 1.) Analysis
by the "t" test indicates that only the alpha globulin was significantly
altered by the extraction; the p values were albumin 0.38; alpha1 globulin,
0.0001; alpha2 globulin, 0.19; beta globulin, 0.33; gamma globulin, 0.20.
When the electrophoretic strips were stained for lipids, the control
sera revealed deposits as a prominent band in the beta region almost at
the point of application, a broad band spreading from the point of applica-
tion, and a lighter band corresponding to the alpha, peak. On strips
containing the test sera no lipids were noted in the alpha1 region and only
a faint dye uptake was noted in the beta region. No attempt was made to
quantitate these observations.
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Mucoproteins
No variations in the mucoprotein stain pattern between the control and
extracted sera were visually identified.
Immunodiffusion
Whether run simultaneously or independently, no differences were noted
between the test and control antigen and antibody precipitates with anti-
human albumin, fibrinogen, fraction II, fraction III-1, fraction IV 5-6, S-7
TABLE 1. ELECTROPHORETIC ANALYSIS OF SERUM PROTEINS
Alpha 1 Alpha 2
Total Albumin globulin globulin
protein Per Per Per
Sample in grams cent gms cent gms cent gms
Control 5.7 53.5 3.05 5.6 .320 10.6 .605
Extracted 6.9 54.2 3.75 4.6 .318 11.8 .815
Control 6.2 62.0 3.84 3.04 .189 10.9 .676
Extracted 7.7 58.7 4.62 2.76 .209 10.2 .795
Control 7.0 55.0 3.96 4.95 .356 10.0 .790
Extracted 7.2 56.8 3.98 2.16 .152 13.2 .890
Control 7.7 54.5 4.27 4.43 .440 11.8 .910
Extracted 7.4 56.8 4.20 2.60 .193 14.6 1.08
Control 5.7 55.8 3.18 6.0 .342 11.5 .655
Extracted 6.9 58.5 4.00 4.09 .282 13.4 .925
Control 8.9 67.6 5.95 2.9 .258 5.08 .456
Extracted 7.3 71.3 5.16 2.14 .157 6.58 .415
Control 6.7 58.0 3.89 4.5 .310 9.1 .610
Extracted 6.5 64.0 4.3 3.1 .204 11.5 .770
Control 6.2 65.2 4.05 5.45 .338 9.6 .595
Extracted 7.7 60.4 4.72 2.50 .197 9.5 .746
Control 7.0 56.4 4.05 5.08 .336 11.6 .835
Extracted 7.2 59.6 4.17 2.4 .168 12.0 .890
Control 7.7 49.5 3.82 5.0 .382 12.5 .962
Extracted 7.4 56.8 4.20 2.60 .193 14.6 1.08
Control 7.4 55.5 4.96 5.3 .582 12.2 .879
Extracted 7.2 54.5 4.0 2.29 .170 21.0 1.56
Control 6.7 62.5 4.18 3.75 .260 9.35 .627
Extracted 6.5 64.5 4.19 2.0 .130 10.0 .600
Beta Gamma
globulin globulin
Per Per
cent gms cent gms
11.2 .637 19.0 1.08
11.8 .815 17.6 1.22
10.9 .676 12.2 1.24
10.2 .785 18.5 1.46
12.6 .907 17.4 1.22
11.2 1.05 12.9 .815
15.6 1.20 12.7 .980
16.4 1.23 9.8 .725
9.8 .577 16.8 .960
10.2 .700 16.8 1.30
11.5 1.03 12.7 1.14
8.2 .650 9.5 .693
13.6 .912 14.5 .945
13.2 .865 11.5 .770
10.7 .676 14.2 .886
9.5 .746 19.1 1.49
13.6 .980 14.2 1.05
15.0 1.05 11.6 .815
14.6 1.13 14.6 1.13
16.4 1.23 9.8 .725
9.6 .692 16.2 1.15
11.8 .875 7.65 .566
11.0 .690 13.5 .845
10.0 .600 13.6 .845
p=0.38 p = 0.0001 p = 0.19 p= 0.33 p= 0.20
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gamma globulins, and alpha 2 macroglobulins. These precipitates were
uniformly distributed, symmetrical, and free of spurs. However, the
beta lipoprotein fractions of the control and extracted sera were distinctly
different. When tested separately as shown in Figure 2 the anti-beta
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FIG. 2. Immunodiffusion pattern. Key: 1, fraction III-1; 2, beta lipoprotein; 3, albu-
min; 4, fraction IV-5, 6; 5, fibrinogen; 6, fraction II; 7, alphas macroglobulins; 8, S-7
gamma globulin. C, control; E, extracted sera.
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lipoprotein produced a broad, heavy, antigen-antibody precipitate in the
controls. With the extracted sera three samples were free of any precipitate
and three had only a faint, fine precipitate in the same relative position
as the control. When the control and extracted samples were tested simul-
taneously against the anti-beta lipoprotein the controls were characterized
by a broad, heavy, symmetrical precipitate, but with three extracted sera
no precipitate was observed and in three cases a fine, faint symmetrical
precipitate was noted in the same position as that of the control sample.
There were no differences observed between different lots of the same
antisera.
DISCUSSION
Two aspects of this study warrant additional comment. The first
concerns the nature of the lipid extraction and the second the effect of the
extraction on other serum elements.
Electrophoresis shows all lipid staining to be lost in the region of the
alpha1 globulins and in a broad band spreading from the point of sample
application. There is a marked reduction in the beta lipoglobulin region.
The alpha1 region normally represents about 20 per cent of the total serum
lipids and contains 15-25 per cent of the total cholesterol and 60 per cent
of the phospholipids.10 Complete loss of stainable lipids here indicates
that octanol significantly altered this fraction. Similarly all staining is lost
from the region where the electrically neutral chylomicrons are normally
demonstrated. This region contains variable amounts of total lipids and is
composed largely of fatty acids. The beta lipoglobulins, which contain
about 50 per cent of the serum cholesterol and 40 per cent of the phos-
pholipids, give up a substantial amount of their lipids in the extraction pro-
cess. In spite of the well-known variability in lipid staining of electrophoretic
patterns, the data suggest that 2-octanol removes substantial amounts of
lipids from the beta lipoglobulins and has its greatest effect on the alpha,
lipoglobulins and chylomicrons.
Secondly, how does octanol extraction affect other serum proteins?
Electrophoretically, the albumin, alpha2, beta, and gamma globulins are not
altered either quantitatively or in mobility, but the alpha, proteins are
significantly decreased in the extraction process. This change in the alpha1
fraction may result from the denaturation of the entire protein component
or it may represent a change in mobility following loss of the lipid portion
of the molecule. The alpha1 lipoproteins are 85 per cent lipids and almost
all of these are extracted.
Essentially similar observations have been made by others with various
extraction techniques. Blixk used cold acetone and ether to extract the
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serum lipids and observed similar decreases in the alpha, fraction while
other fractions remain unchanged. He believed that these could be explained
on the basis of lipid extraction alone. His technique removed all cholesterol
and 75 per cent of the phospholipids, mostly the lecithins.
More recently, Dangerfield'2 used cold ether (-23° C.) for extraction
and found no change in the protein electrophoretic pattern and also that
almost all stainable lipids were removed. Thus both of these studies,
although initiated for other reasons, tend to support the observation made
here that significant amounts of lipids can be removed from serum lipo-
proteins without altering the other protein fractions, at least without
affecting those properties on which electrophoresis primarily depends: the
size, shape, and electric charge of the molecule.
The immunodiffusion studies support the concept that the non-lipo-
protein fractions are not altered by octanol. At least the antigenic structure
of the albumin, fibrinogen, gamma globulins (fraction II), isoagglutinins
(fraction III-1), immune antibodies (S-7 globulin), serum esterases, angio-
tensins, various alpha1 globulins and beta globulins (fraction IV-5-6) and
alpha2 macroglobulins as measured by this test are not altered by the
extraction process. It is appreciated that the agar diffusion technique used
does not readily provide precise quantitative data. However, the differ-
ences that were observed were of such magnitude as to be considered
significant. The beta lipoproteins are 75 per cent lipid and with much of
this lipid extracted, alterations in the molecular arrangements and antigenic
composition are expected. Unfortunately, no relatively pure anti-human
alpha, lipoprotein was available to the authors. Thus the electrophoretic
and diffusion studies complement each other in suggesting that of the
major protein fractions only the lipoproteins are affected by the extraction.
Mucoglycoproteins
The PAS stain is nonspecific and reacts with many substances including
carbohydrates such as mannose, galactose and glucosamine. The applica-
tion of this technique demonstrated no alteration in the electrophoretically
separated serum elements.
SUMMARY
As determined electrophoretically, 2-octanol extraction provides a
simple, effective means of removing all stainable lipids from the alpha1
and chylomicron components of serum and substantial amounts of lipid
from the beta lipoglobulins. Following extraction there is a significant
decrease in the electrophoretically determined alpha1 globulins, with widen-
ing of the beta globulin zone. The albumin, alpha2 and gamma globulin
415YALE JOURNAL OF BIOLOGY AND MEDICINE Volume 38, April, 1966
patterns are not altered. As determined by immuno-double diffusion tech-
niques the antigenic structure of 7 non-lipid serum protein fractions was
not changed in the extraction process. However, the antigenic structure
of the beta lipoprotein fraction was significantly altered.
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